Background {#Sec1}
==========

Coronary heart disease (CHD) is characterized by dyslipedemia and chronic inflammation. Many studies have shown that apolipoprotein CIII (apoCIII) is an independent risk factor for CHD and promotes adhesion of inflammatory mediators to endothelial cells, which aggravates the progression of atherosclerosis \[[@CR1]--[@CR6]\]. ApoCIII is reported to be associated with lipoprotein-associated phospholipase A2 (Lp-PLA~2~), which catalyzes the hydrolysis of oxidized low density lipoprotein (ox-LDL) and the release of inflammatory products and is also found in ruptured plaques of human atherosclerotic lesions \[[@CR7]--[@CR9]\]. Therefore, it is postulated that apoCIII is involved in the formation and instability of atherosclerotic plaques. Plasma apoCIII is reported to be associated with high-sensitivity C-reactive protein (hs-CRP) and tumor necrosis factor α (TNF-α) levels \[[@CR10]\]. However, the relationships between plasma apoCIII, hs-CRP and TNF-α in patients with CHD and their roles in coronary artery narrowing as well as the clinical features of CHD remain to be elucidated. In this study, we investigated the associations among plasma apoCIII, hs-CRP and TNF-α levels and their roles in the clinical features of CHD in the Li and Han ethnic groups in China.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

Our study was approved by the Ethics Committee of the First Affiliated Hospital of Hainan Medical University. Written informed consent was obtained from all participants. This study was performed following the rules of the Declaration of Helsinki. A flow chart of our study protocol was shown in Fig. [1](#Fig1){ref-type="fig"}. From September 2012 to November 2014, a total of 474 participants were recruited. This group consisted of 238 CHD patients (CHD group) comprising 112 Li individuals and 126 Han individuals (average age 62.56 ± 12.34 y), and 236 healthy participants (control group) comprising 120 Li individuals and 116 Han individuals (average age 60.76 ± 11.04 y). All participants were aged between 38 and 84 y. There was no consanguinity among the participants, whose grandparents and parents were from the same population and had resided in Hainan Province for more than 10 years.Fig. 1Flow chart of our study protocol

CHD was defined as angiographically proven stenosis (\> 50%) of at least one major epicardial coronary artery. Patients in the CHD group were subdivided into stable angina, unstable angina, and acute myocardial infarction (AMI) groups according to the clinical features of CHD. Stable angina was confirmed according to the diagnostic criteria for CHD (WS 319--2010) released by the Ministry of Health of China; unstable angina and AMI were confirmed according to the third universal definition of AMI and advanced cardiology \[[@CR11]\]. Measurement of cardiac enzyme activity \[creatine kinase(CK), CK- MB isoenzyme, cardiac troponin I (CTNI), myoglobin (MYO)\] and electrocardiography (ECG) were used to confirm stable angina, unstable angina, and AMI. ECG measurements were conducted in 12-lead examinations, or if required, 18-lead examinations as a replacement. ECG results were interpreted by experienced clinicians.

AMI diagnosis was based on the detection of increased and/or decreased cardiac biomarkers (preferably troponin) including at least one value above the 99th percentile of the upper reference limit together with evidence of myocardial ischemia with at least one of the following: (1) Symptoms of ischemia; (2) ECG changes indicative of new ischemia; (3) Development of pathological Q-waves in the ECG; (4) Imaging evidence of new loss of myocardium or new regional wall motion abnormality; (5) Coronary thrombus confirmed by coronary angiography.

Unstable angina was diagnosed under at least one of the following conditions: (1) Diagnosed stable angina and increasing frequency, duration and severity of chest pain within the previous 2 months; (2) Angina attack at rest or during mild physical activity; (3) Temporarily depressed ST segment in ECG with/without T-wave inversion; (4) Normal or slightly increased cardiac biomarkers; (5) Coronary heart disease confirmed by coronary angiography.

Stable angina was diagnosed under at least one of the following conditions: (1) Typical symptoms of angina attack; (2) Angina staying stable within the previous 1--3 months; (3) Ischemic ST dynamic change in ECG during angina attack or positive exercise tolerance test; (4) Confirmed by coronary angiography or CT angiography.

CHD patients were also subdivided into mild stenosis, moderate stenosis and severe stenosis subgroups according to results of angiography scored on the basis of the revised Gensini scoring system \[[@CR12]\]; details are shown below.

CHD patients were screened on the basis of having no history of chronic or acute cerebrovascular disease, inflammatory disease, autoimmune disease, malignant tumors, familial hyperlipidemia, diabetes or other diseases or incomplete data which affected the results of our study. Healthy participants were screened on the basis of having no history of hypertension, cardiovascular and cerebrovascular disease, endocrinal disease, malignant tumors, genetic disease, transmitted diseases, renal and hepatic dysfunction or other diseases or incomplete data affecting the results of our study. CHD patients and healthy controls were also excluded if they were maintained on anti-hyperlipidemic agents, anti-inflammatory agents, nutraceuticals and functional foods or other agents known to affect lipid and inflammatory profiles in the previous 3 months.

Epidemiological survey {#Sec4}
----------------------

Demographic information was collected and recorded using a standardized questionnaire. With the exception of general information such as name, sex and age, smoking and alcohol status were recorded as two groups: non-smoker and smoker, and non-drinker and drinker. Blood pressure referred to the average sitting blood pressure after three measurements made using a mercurial sphygmomanometer. Systolic and diastolic blood pressures referred to the first and the fifth Korotkoff sounds, respectively.

### Biochemical analysis {#Sec5}

Fasting blood samples were obtained to analyze plasma triglyceride (TG), total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), lipoprotein AI (apoAI), lipoprotein B (apoB), apoCIII, lipoprotein a (Lp(a)), fasting blood sugar (FBS), hs-CRP, and TNF-α. TG, TC, HDL-C, LDL-C, and FBS were assayed using enzymatic methods with commercially available kits. ApoAI, apoB, Lp(a), apoCIII and TNF-α levels were measured by enzyme-linked immunosorbent assay (ELISA). Hs-CRP was measured by latex turbidity test. All samples were processed by autoanalyzer (Type 7600; Hitachi Ltd., Tokyo, Japan) or ELISA reader (Biotech, USA) at the First Affiliated Hospital of Hainan Medical University.

Evaluation of coronary artery stenosis {#Sec6}
--------------------------------------

Coronary artery stenosis examined by percutaneous coronary angiography was classified according to revised Gensini scoring system. Six branches of the coronary artery (left main coronary artery, left anterior descending artery, left circumflex branch, left obtuse marginal branch, right coronary artery, and posterior descending artery) were examined and scored according to the narrowest section of the branches. The scores were assigned as follows: 0, without narrowing; 1, 1--49% narrowing; 2, 50--74% narrowing; 3, 75--99% narrowing; 4, 100% narrowing. The total score was determined as the sum of the score of the six branches of the coronary artery. The total scores were defined as follows: 1--7, mild stenosis; 7--14, moderate stenosis; \>14, severe stenosis.

Statistical analysis {#Sec7}
--------------------

Statistical analysis was carried out using SPSS version 20.0 software, and data were presented as the mean ± standard deviation (SD). Quantitative values were analyzed by *t-* test; counting data was analyzed by the chi-squared test. Comparisons of intergroup differences in apoCIII, hs-CRP and TNF-α levels in patients with CHD were analyzed using Kruskal--Wallis or Wilcoxon--Mann--Whitney tests. The contribution of plasma apoCIII, hs-CRP and TNF-α to CHD were analyzed using multiple unconditional logistic regression. Paired associations among apoCIII, hs-CRP and TNF-α in CHD patients were analyzed using the Pearson or Spearman correlation test. *P-*values \< 0.05 were considered to indicate statistical significance.

Results {#Sec8}
=======

Comparison of general demographic features and lipid profiles between CHD patients and healthy controls {#Sec9}
-------------------------------------------------------------------------------------------------------

There were no significant differences between the CHD patients and healthy controls included in the study in terms of the Li:Han ratio, male:female ratio, mean age, smoking status and drinking status (all *P* \> 0.05). CHD patients exhibited higher systolic pressure, diastolic pressure, FBS, TG, TC, LDL-C, apoB, and Lp(a) than healthy controls (*P* \< 0.05 for TC and Lp(a); *P* \< 0.01 for FBS, TG, LDL-C and apoB), while HDL-C and apoAI were lower (*P* \< 0.05 for both) (Table [1](#Tab1){ref-type="table"}).Table 1Comparison of general demographic features and lipid profiles between patients with coronary heart disease (CHD) and healthy controls (control)CharacteristicCHD (*n* = 238)Control (*n* = 236)*t* (*χ*^*2*^)*P-*valueNationality (Li/Han)112/126120/1160.6810.409Sex (male/female)138/100119/1172.7280.099Age (years)62.56 ± 12.3460.76 ± 11.041.6740.095Systolic pressure (mmHg)134.07 ± 21.54^\*\*^128.50 ± 14.6129.2040.000Diastolic pressure (mmHg)78.94 ± 11.71^\*\*^77.56 ± 7.8713.180.000Non-smoker/smoker77/16159/1773.1310.077Non-drinker/drinker46/19263/1733.6320.057FBS (mmol/L)5.92 ± 1.51^\*\*^5.65 ± 0.472.660.008TC (mmol/L)4.95 ± 0.96^\*^4.79 ± 0.752.0240.044TG (mmol/L)1.47 ± 1.05^\*\*^1.18 ± 0.733.5420.000HDL-C (mmol/L)1.06 ± 0.34^\*\*^1.28 ± 0.30−7.4410.000LDL-C (mmol/L)3.08 ± 0.83^\*\*^2.82 ± 0.723.7090.000ApoAI (g/L)1.16 ± 0.36^\*\*^1.32 ± 0.35−4.9360.000ApoB (g/L)1.04 ± 0.24^\*\*^0.87 ± 0.178.7320.000Lp(a) (mg/L)257.41 ± 189.07^\*^217.44 ± 165.272.4510.015Data are expressed as mean ± SD. *FBS* Fasting blood sugar, *TC* Total cholesterol, *TG* Triglyceride, *HDL-C* High density lipoprotein cholesterol, *LDL-C* Low density lipoprotein cholesterol, *ApoAI* Lipoprotein AI, *ApoB* Lipoprotein B; *Lp(a)* Lipoprotein a, *CHD* Coronary heart disease. ^\*^*P* \< 0.05, ^\*\*^*P* \< 0.01, CHD patients versus healthy controls using *χ*^*2*^ test or *t-*test

Comparison of plasma apoCIII, hs-CRP and TNF-α levels between CHD patients and healthy controls in the li and Han ethnic groups {#Sec10}
-------------------------------------------------------------------------------------------------------------------------------

Plasma apoCIII, hs-CRP and TNF-α levels in CHD patients were higher than those in the healthy controls (*P* \< 0.01 for all) (Table [2](#Tab2){ref-type="table"}). Identical patterns were obtained in further comparisons between CHD patients and healthy controls in the Li and Han ethnic groups (*P* \< 0.01) (Table [3](#Tab3){ref-type="table"}). In addition, in the Li group, we observed enhanced hs-CRP and TNF-α levels in CHD patients and a higher apoCIII level in healthy controls compared to the levels detected in the Han group (*P* \< 0.01 for hs-CRP and TNF-α; *P* \< 0.05 for apoCIII) (Table [4](#Tab4){ref-type="table"}).Table 2Comparison of plasma apoCIII, TNF-α and hs-CRP between patients with coronary heart disease (CHD) and healthy controls (control)ParameterCHD (*n* = 238)Control (*n* = 236)*tP*-valueApoCIII (mg/dL)16.77 ± 5.98\*\*10.91 ± 4.9711.6060.000TNF-α (pg/mL)17.23 ± 6.34\*\*9.49 ± 3.8816.0430.000Hs-CRP (mg/L)9.55 ± 7.32\*\*2.14 ± 1.5615.1760.000Data are expressed as mean ± SD. *ApoCIII* Apolipoprotein CIII, *TNF-α* Tumor necrosis factor α, *Hs-CRP* High-sensitivity C-reactive protein, *CHD* Coronary heart disease. ^\*\*^*P* \< 0.01, CHD patients versus healthy controls using *t-*testTable 3Comparison of plasma apoCIII, TNF-α and hs-CRP levels between patients with coronary heart disease (CHD) and healthy controls (control) in the Li and Han ethnic groupsParameterLi ethnic groupHan ethnic groupCHD (*n* = 112)Control (*n* = 120)*P-*valueCHD (*n* = 126)Control (*n* = 116)*P*-valueApoCIII (mg/dl)16.46 ± 6.08\*\*11.72 ± 5.160.00017.05 ± 5.90\*\*10.07 ± 4.630.000TNF-α (pg/ml)15.71 ± 5.52\*\*9.74 ± 4.310.00018.59 ± 6.73\*\*9.23 ± 3.380.000Hs-CRP (mg/l)8.21 ± 7.09\*\*2.15 ± 1.510.00010.75 ± 7.44\*\*2.12 ± 1.630.000Data are expressed as mean ± SD. *ApoCIII* Apolipoprotein CIII, *TNF-α* Tumor necrosis factor α, *Hs-CRP* high sensitive C-reactive protein, *CHD*: coronary heart disease. ^\*\*^*P* \< 0.01, CHD patients versus healthy controls using *t*-testTable 4Comparison of plasma apoCIII, TNF-α and hs-CRP levels between Li and Han people in coronary heart disease patients (CHD) and healthy controls (control)ParameterCHDControlLi people\
(*n* = 112)Han people\
(*n* = 126)*P*-valueLi people\
(*n* = 120)Han people\
(*n* = 116)*P*-valueApoCIII (mg/dl)16.46 ± 6.0817.05 ± 5.900.44811.72 ± 5.16\*10.07 ± 4.630.011TNF-α (pg/ml)15.71 ± 5.52\*\*18.59 ± 6.730.0009.74 ± 4.319.23 ± 3.380.314Hs-CRP (mg/l)8.21 ± 7.09\*\*10.75 ± 7.440.0082.15 ± 1.512.12 ± 1.630.908Data are expressed as mean ± SD. *ApoCIII* Apolipoprotein CIII, *TNF-α* Tumor necrosis factor α, *Hs-CRP* High-sensitivity C-reactive protein, *CHD* Coronary heart disease.^\*^*P *\< 0.05, ^\*\*^*P* \< 0.01, Li people versus Han people in CHD and control groups using *t*-test

Intergroup comparison of plasma apoCIII, hs-CRP and TNF-α levels in CHD patients {#Sec11}
--------------------------------------------------------------------------------

Plasma apoCIII, hs-CRP and TNF-α levels in the CHD subgroups with mild, moderate, and severe stenosis were enhanced compared to those in the healthy control group (*P* \< 0.01), while there were no significant differences between each pair of subgroups with severe, moderate, and mild stenosis (*P* \> 0.05) (Fig. [2](#Fig2){ref-type="fig"}). Plasma apoCIII, hs-CRP and TNF-α levels in the CHD subgroups with AMI, unstable angina, and stable angina were increased compared to those in the healthy control group (*P* \< 0.01), with significant differences also identified between each pair of subgroups with AMI, unstable angina, and stable angina (*P* \< 0.01) (Fig. [3](#Fig3){ref-type="fig"}). The highest apoCIII, hs-CRP and TNF-α levels were detected in the CHD patient subgroups with AMI, followed by those with unstable angina and then those with stable angina.Fig. 2Paired comparisons of plasma apoCIII, TNF-α and hs-CRP levels in subgroups with severe, moderate, and mild stenosis and healthy controls (control). **a**: Paired comparisons of plasma apoCIII levels in subgroups with severe, moderate, and mild stenosis, and control; **b**: Paired comparisons of plasma TNF-α levels in subgroups with severe, moderate, and mild stenosis, and control; **c**: Paired comparisons of plasma hs-CRP levels in subgroups with severe, moderate, and mild stenosis, and control. a: compared to control, *P* \< 0.01; there were no significant differences between each pair of subgroups with severe, moderate and mild stenosis (*P* \> 0.05)Fig. 3Paired comparisons of plasma apoCIII, TNF-α and hs-CRP levels in subgroups with acute myocardial infarction, unstable angina, stable angina and healthy controls (control). **a**: Paired comparisons of plasma apoCIII levels in subgroups with acute myocardial infarction, unstable angina, stable angina and control; **b**: Paired comparisons of plasma TNF-α levels in subgroups with acute myocardial infarction, unstable angina, stable angina and control; **c**: Paired comparisons of plasma hs-CRP levels in subgroups with acute myocardial infarction, unstable angina, stable angina and control. a: compared to control, *P* \< 0.01; b: compared to stable angina, *P* \< 0.01; c: compared to unstable angina, *P* \< 0.01

Multiple unconditional logistic regression analysis of the effects of plasma apoCIII, hs-CRP and TNF-α levels on the risk of coronary heart diseases {#Sec12}
----------------------------------------------------------------------------------------------------------------------------------------------------

In multiple unconditional logistic regression analysis, coronary heart disease was used as the dependent variable (CHD: yes = 1, no = 0), while the independent variables were defined according to the median: plasma TNF-α (\< 12.15 pg/mL =0, ≥12.15 pg/mL =1), plasma hs-CRP (\< 3.10 mg/L = 0, ≥3.10 mg/L = 1), plasma apoCIII (\< 13.11 mg/dL =0, ≥13.11 mg/dL =1). According to the results, plasma apoCIII, hs-CRP and TNF-α contributed the development of CHD (OR = 2.554, 6.035, 7.252, *P* \< 0.01) (Table [5](#Tab5){ref-type="table"}).Table 5Multiple unconditional logistic regression analysis of the effects of plasma apoCIII, hs-CRP and TNF-α levels on the risk of coronary heart diseasesParameterB*P*OR95% CI for ORLowerUpperTNF-α (pg/mL)\< 12.15 = 0, ≥12.15 = 11.9810.007.2524.38511.993Hs-CRP(mg/L)\< 3.10 = 0, ≥3.10 = 11.7980.006.0353.6909.871ApoCIII (mg/dL)\< 13.11 = 0, ≥13.11 = 10.9380.002.5541.5474.217*ApoCIII* Apolipoprotein CIII, *TNF-α* Tumor necrosis factor α, *Hs-CRP* high-sensitivity C-reactive protein. Multiple unconditional logistic regressions

Paired associations of plasma apoCIII, hs-CRP and TNF-α in CHD patients {#Sec13}
-----------------------------------------------------------------------

Plasma apoCIII was correlated with hs-CRP and TNF-α (*r* = 0.425, *r* = 0.319; *P* \< 0.01), and hs-CRP was correlated with TNF-α (*r* = 0.400, *P* \< 0.01) in CHD patients (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4Paired associations of plasma apoCIII, TNF-α and hs-CRP in patients with coronary heart disease. **a** Association of plasma apoCIII and TNF-α in patients with coronary heart disease; **b** Association of plasma apoCIII and hs-CRP in patients with coronary heart disease; **c** Association of plasma TNF-α and hs-CRP in patients with coronary heart disease

Discussion {#Sec14}
==========

ApoCIII has been confirmed to decrease lipoprotein lipase (LPL) activity and result in hypertriglyceridemia, which is an independent risk factor for atherosclerosis \[[@CR13], [@CR14]\]. Inflammation facilitates the formation of atherosclerotic lesions and atherosclerotic plaque instability. ApoCIII is also known to upregulate expression of vascular cell adhesion molecule-1 (VCAM-1) and intercellular cell adhesion molecule-1 (ICAM-1) in endothelial cells, and has been shown to induce adhesion of THP-1 cells to EC \[[@CR2], [@CR3]\]. ApoCIII is associated not only with dyslipidemia, but also inflammation, both of which play important roles in the development of CHD.

Our study confirmed previous reports of the existence of dyslipidemia (enhanced TG, TC, LDL-C, apoB, Lp(a), apoCIII and lower HDL-C and apoAI) and inflammation (increased TNF-α and hs-CRP) in CHD patients \[[@CR15], [@CR16]\].

Inflammation plays a crucial role in the stability of atherosclerotic plaques. In this study, there was no significant variation in the inflammatory markers (TNF-α and hs-CRP) in the subgroups of CHD with severe, moderate, and mild stenosis, while there were marked differences between each pair of subgroups of CHD patients with AMI, unstable angina and stable angina. Furthermore, the association of apoCIII, TNF-α and hs-CRP was also confirmed in CHD patients. CHD is caused by stenosis of the coronary artery, although the clinical features and prognosis are mainly dependent on the instability of atherosclerotic plaques, rather than the extent of stenosis. Our study reveals the role of apoCIII in inflammation and CHD, a finding that is also supported at the cellular level \[[@CR2], [@CR7]\].

In addition to the plasma levels, the distribution of apoCIII also plays crucial roles in development of CHD. A previous report indicated that plasma apoCIII was not increased in CHD patients, while, apoCIII in HDL (HDL-apoCIII) was significantly higher and apoCIII in VLDL (VLDL-apoCIII) was greatly reduced in CHD patients \[[@CR5], [@CR17]\]. ApoCIII enrichment in HDL could impair HDL-mediated cholesterol efflux capacity, and compromise the anti-atherogenic effect of HDL \[[@CR18]\]. ApoCIII in HDL, VLDL and LDL is associated with increased risk of CHD \[[@CR19], [@CR20]\]. Statins have been shown to abolish the association of apoCIII with plasma TG \[[@CR5]\] in CHD patients and ameliorate apoCIII-induced inflammation \[[@CR21]\], which protect against the progression of CHD.

Diet also affects lipid profiles, and it can be speculated that people on a high lipid diet will exhibit unfavorable lipid profiles, while those maintained on nutraceutical and functional food might exhibit more favorable lipid profiles. Nutraceutical and functional foods improve unfavorable lipid profiles when statins are unavailable or as an adjunct to a standardized pharmacological treatment for dislipedimia and CHD \[[@CR22]\].

In our study, we obtained information on diet as well as smoking and alcohol status by using a standardized questionnaire. Therefore, it should be noted that obtaining this information may be limited by participant compliance or by the educational status of participants, which may affect their ability to understand the questions.

Conclusion {#Sec15}
==========

The results of our study indicate that the associations of plasma apoCIII, hs-CRP and TNF-α interact with unfavorable lipid profiles to contribute to the clinical features of CHD with stable angina, unstable angina, and AMI in both the Li and Han ethnic groups in China.
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